Efficient encapsulation of a water-soluble corticosteroid in biodegradable nanoparticles.
Solid nanoparticles consisting of biodegradable polymers have emerged as a promising carrier for various drugs, but unfortunately the encapsulation of drugs remains challenging. In this study, a technique for encapsulation of water-soluble drugs in solid nanoparticles was developed. Nanoparticles were prepared from a blend of biodegradable polymers, including poly(lactic acid) (PLA) and poly(lactic/glycolic acid) (PLGA), and monomethoxypolyethyleneglycol-polylactide block copolymer by an oil-in-water solvent diffusion method. Betamethasone sodium phosphate (BP) was not encapsulated by the nanoparticles due to its hydrophilicity, but it was effectively encapsulated in the presence of appropriate amounts of zinc and diethanolamine. It was found that BP formed an ionic complex with zinc at a certain pH range obtained by addition of diethanolamine. Furthermore, a carboxyl group located at the end of PLA/PLGA was shown to be essential for encapsulation of BP in nanoparticles, and the molar ratio among BP, zinc, and carboxyl groups in various nanoparticles was almost constant. These results strongly suggested that the encapsulation was promoted by zinc creating an ionic bridge between a carboxyl group on PLA/PLGA and a phosphate group on BP. This technique for entrapment of water-soluble drugs in solid biodegradable nanoparticles may expand the use of nanoparticles for various therapeutic applications.